Volatile sulfur compounds (VS) are generated in the large intestine by the bac terial metabolism of sulfate and sulfur amino acids. VS are potentially harmful to the host. The effect of dietary supplementation of herb extracts on volatile sulfur production in the large intestine of pig was evaluated in this study. The extracts Perilla frutescens (Soyou), Mentha piperita (Peppermint), and Ajuga decumbens (Kiransou) were fed to pigs equipped with a permanent cannula at the cecum. Cecal digesta were sampled and analyzed for am monia and short-chain fatty acids (SCFA). Sampled digesta were incubated anaerobically either with or without L-methionine for 24h to estimate volatile sulfur production in vivo. L-Methionine was supplemented to enhance methanethiol (MeSH) production. At the end of the incubation, head space concentrations of volatile sulfur compounds such as hydrogen sulfide (H2S), MeSH, and dimethyl sulfide (DMS) were determined by flame-photometric gaschromatography after the addition of 6N HCl. Sampled digesta were also subjected to the most probable number estimations for sulfate-reducing bacteria (SRB), sulfide producer from L-methionine, and MeSH producers from L-methionine. All three herb extracts signifi cantly decreased H2S (p<0.05), MeSH (p<0.05), and ammonia (p<0.05) production, but SCFA production was not affected (p>0.05). The number of volatile sulfur-producing bacte ria did not vary among groups by the dietary supplementation of these herb extracts. Serial solvent extraction was done on these herb extracts to specify the active fractions that reduce volatile sulfur production, n-Butanol fraction of all three extracts significantly reduced volatile sulfur production in vitro.
Serial organic solvent f ractionation and detection of active components. Herb extracts were serially extracted by n-hexane, diethylether, chloroform, ethylacetate, and n butanol to fractionate the active compounds in separat ing funnels. The organic solvents were totally removed from these extracts by a rotary evaporator under re duced pressure. Thus dried materials were dissolved into 2 to 5mL dimethyl formamide (DMF). One of these solutions corresponding to 10mg dried materials/mL in a culture fluid was added to the in vitro pig cecal fer mentation system stated above. This dose was deter mined according to our previous result (11) . At the end of incubation, VS in headspace gas was determined as described above.
Statistical analyses. Statistical analyses were per formed according to Yoshida (18) by the use of a one way analysis of variance (ANOVA) to evaluate the effect of herb extracts by StatView ver 5.0 (Brain Power, Inc., Calabasas, CA, USA). When the effect of diet (supple mentation of herb extracts) was judged to be significant (p<0.05), a post hoc Tukey-Kramers test was done by StatView ver 5.0. (Table 1) VS in the headspace gas at 0 h incubation was not detected by the present analytical method. Therefore VS concentration in the headspace gas at 24h culture was regarded to represent VS production during 24h. H2S was the only detectable VS in cultures without the sup plementation of L-methionine, and H2S and McSH were detected in L-methionine-supplemented incubations with the occasional detection of small amounts of di methyl sulfide and dimethyl disulfide ( Table 1) .
RESULTS

Effect of dietary herb extracts on cecaI VS production
All three herb extracts reduced H2S production (p<0.05) in cultures without the supplementation of L methionine. H2S was reduced to approximately half as much as control incubation. In the L-methionine-sup plemented cultures, McSH production was significantly decreased by all three herb extracts (p<0.01) to 70% of control incubation. H2S production in the L-methio nine-supplemented cultures was also significantly re duced by herb extracts, except for that of A. decumbens. Effect of dietary herb extracts on cecaI SCFA and ammonia production ( Table 2) Three herb extracts did not significantly affect the SCFA concentrations, except for acetate. However, none of the extracts significantly decreased or increased ac etate concentration relative to the control incubation. Values within parentheses are SOFA concentrations expressed as g/kg. * A one way ANOVA was done to evaluate the effect of herb extracts . a,b Values with different superscripts differ significantly by the post h oc Tukey-Kramer test, using the error variance of a one-way ANOVA (p<0.05). Table 3 . Effect of dietary supplementation of herb extracts on the numbers of sulfate-reducing bacteria (SRB), bacteria producing sulfide from L-methionine, and bacteria producing methanethiol from L-methionine (log MPN/g digesta) in the pig cecal contents. Means with standard deviations, n=4.
* A one -way ANOVA was done to evaluate the effect of herb extracts .
M, piperita extract significantly decreased ammonia concentration (p<0.05). Effect of dietary herb extracts on cecal bacterial numbers (Table 3) MPNs of three functional groups of bacteria, SRB, producers of sulfide from sulfur amino acid (L-methio nine), and producers of McSH from L-methionine, did not vary by a supplementation of herb extracts.
Active f raction of herb extracts (Fig. 1) n-Butanol fraction inhibited VS production most ef fectively among all three herb extracts. Unlike M. piperita and A. decumbens extracts, hexane and di ethylether fractions of P frutescens extract significantly reduced VS production in vitro. The residual fraction stimulated VS production. 
DISCUSSION
In a previous study, we screened several herb extracts that reduced H2S production in a pure culture of SRB. In the present study, we tried to evaluate some of these extracts in vivo for their effect on VS production in the large intestine. Pig large intestine was used as a poten tial model for human large intestine because it is similar to that of human in certain aspects, such as fiber diges tion, starch digestion, and bacterial flora composition (19) (20) (21) (22) .
To evaluate the effect of dietary herb extracts on VS production in the large intestine, in vitro incubation was carried out by the use of cecal digesta taken from pigs fed herb extracts. This technique was derived from a similar kind of experiment in which an anti methanogenic effect of dietary supplementation of a polyether antibiotic, monensin, or an elimination of rumen protozoa was evaluated (23, 24) . The tendency observed by such in vitro culture technique (23, 24) was confirmed by in vivo experiments (25, 26) . There fore the technique is believed to be useful to estimate the production of gaseous compounds from digesta, which is difficult to measure in vivo.
We have previously confirmed in a preliminary ex periment, using two cecally fistulated pigs, that the dose of ethanol used in the present study had no significant effect on the presently determined fermentation param eters. The pigs received the same diet as indicated above for 14 d, and ethanol was thereafter supplemented for another 14 d in the preliminary study. The mean values of each two pigs (without ethanol vs. with ethanol) were 3,040 vs. 3,200 (ppm),10,300 vs. 10,200 (ppm), 18,600 vs.18,400 (ppm), 83.1 vs. 83.8 (mM),11.9 vs. 10.3 (mM), 5.8 vs. 6.1 (mM), and 6.8 vs. 5.9 (mM) for H2S, H2S (from L-methionine), McSH (from L-methio nine), acetate, propionate, butyrate, and ammonia, re spectively. Therefore we ignored the effect of ethanol in this experiment.
Three herb extracts significantly reduced cecal H2S production in vitro ( Table 1 ). The contribution of dis similate sulfate reduction to cecal or colonic H2S pro duction is significant (11, 27) . The reduction in H2S production should be related to the decrease in dissimi latory sulfate reduction. The decrease in MPN of SRB by the herb extracts should reduce dissimilate sulfate re duction in cecal digesta. However, the reduction in MPN of SRB by herb extracts was statistically unclear (Table 3) . Alternatively, the metabolism of SRB could be affected by herb extracts because the presently used ex tracts were primarily selected from more than 300 ac cording to the inhibition of sulfide production by Desulfovibrio desulfuricans DSM 642 (11) . However, the mode of action of herb extracts on the metabolism of SRB is not yet clear.
McSH production was enhanced by the addition of L-methionine (Table 1 ). This enhancement helped the evaluation of the inhibitory effect of herb extract on McSH production (Table 1) . McSH production from L-methionine was affected by herb extracts in this experiment. McSH production requires L-methionine a-deamino-y-mercaptomethane-lyase (L-methioninase, EC 4.4.1.11) that catalyzes the a-y elimination of methionine to produce methanethiol, ammonia, and a ketobutyrate. Several oral bacteria belonging to genera Fusobacterium, Eubacterium, Bacteroides, and Porphyromonas, as well as a soil bacterium, Clostridium sporogenes, have this enzyme and were identified as po tent McSH producers (7, 8) . We have recently tested a range of laboratory strains and identified C, sporogenes JCM 1416T and C, bifermentans JCM 1386T as the most important McSH producers. Further, we have isolated two strains of C, perf ringens as potent McSH producers from pig feces (9) . Presently tested herb extracts possi bly affected the metabolic activity of these bacteria be cause the numbers of McSH producers did not vary by the supplementation of herb extracts (Table 3) . McSH production, desulfhydration of methionine, is coupled with deamination. The inhibition of McSH production, therefore, should decrease ammonia production. The feeding of herb extracts indeed decreased ammonia pro duction significantly (Table 2) .
Cecal SCFA concentration was not affected by herb extracts (Table 2 ). This suggested that most of the bac teria-fermenting carbohydrates were not affected by h erb extracts. The molar (mmol/kg) or weight (mg/kg) total of SCFA concentration was not affected by herb ex tracts. Therefore herb extracts had no visible negative effect on cecal and colonic carbohydrate digestion. This is important because SCFA production in the hindgut is important for the maintenance of gut function (28, 29) .
The results from a successive solvent fractionation (Fig, l) indicated that the n-butanol fraction of all three herb extracts contained the most effective compounds to reduce VS production. This fraction still contains compounds of different categories, such as lipopolysac charides and saponosides (30) . Saponosides have an timicrobial activities (31, 32) . Saponosides of Yukka shidigera extract significantly reduce ruminal ammonia concentration (33) . Saponosides therefore possibly depressed amino acid catabolism in the gut fermenta tion system. Two herb extracts, M. piperita and A, de cumbens, were prepared as aqueous extracts; therefore they did not contain a great amount of nonpolar com pounds such as aliphatic and aromatic hydrocarbons, usually known as bactericidal compounds, are found in essential oil of herb plants (34, 35) . Unlike these ex tracts, P frutescens was extracted by 50% aqueous ethanol. Accordingly, hexane and diethylether fractions of P frutescens extracts should have contained reason able amounts of effective compounds. Residual fraction should have contained water-soluble materials such as poly or oligo-saccharides and amino acids that were used as substrates by cecal bacteria to stimulate VS pro duction to some extents in vitro. The effect of whole herb extract on cecal VS production is therefore com plex because some components could depress it and some others could stimulate it. In the solvent fractiona tion assay, we did not evaluate if these components could reach the large intestine. If the components of residual fraction were digested during passage through small intestine, then many of them were unlikely to af fect cecal VS production in vivo. According to the pres ent in vitro results, the components of herb extracts that depress VS production should reach the large intes tine, and their effects were not masked by the stimulat ing components of the same extracts.
In conclusion, the above results indicated that some herb plant or herb extracts contain substances that re duce VS production in the hindgut without significant side effects on carbohydrate fermentation.
